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External micro-PIXE measurements were done to investigate the accumulation of Nd** on green algae species 
euglena gracilis. According to the Nd distribution patterns in the gracilis cells, the biosorption of Nd** to the 
cell’s compartments can be observed. Comparing elemental mappings of the cell treated with different doses of 
the 1 mg/mL Nd** solution, the Nd uptake of euglena gracilis cells do no relate with the doses. From distribu- 
tions of Ca and Mg, it is found that the Ca is complementary to Nd partly, and the Nd and Mg distributions are 
alike to each other, showing that Nd may be mainly in the chlorophyll molecules. The biochemistry related is 


discussed. 
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I. INTRODUCTION 


Biosorption of microorganisms, such as bacteria, fungi 
and algae, is a good means to accumulate heavy metal ions 
from water [1, 2]. Euglena gracilis, a unicellular green alga, 
demonstrates a remarkable ability to accumulate rare earth el- 
ement (REE) cations to cell compartments. It was found that 
such cells could transport REE cations Nd?* actively against 
apparent gradient in the order of 5 or higher [3]. Apart from 
its intrinsic interest, algal cells exhibiting this trait can be of 
value in application to biological elimination in aquatic en- 
vironment for removing both toxic metal ions and organic 
contaminants. It is known that the cellular effects of lan- 
thanide, including cell fusion, muscle relaxation, blood coag- 
ulation, etc., are quite diverse [4]. Since the last decade, the 
bio-medical aspects and toxicity of REE ions have been com- 
prehensively reviewed [5-7]. However, very little is known 
about the mechanism of the REE ion uptake process, intra- 
cellular transport and storage of REEs in cells. 

Micro-PIXE has been successfully applied to many bio- 
logical, medical and environmental problems with its high 
sensitivity and good spatial resolution. Additionally, using 
an external beam has many advantages, requiring no special 
sample preparations against vacuum environment, easier han- 
dling and observing the samples, reducing damage by heating 
and charging [8]. In this paper, we study bioaccumulation of 
the REE cations Nd** by measuring its distribution patterns 
in Euglena gracilis with external micro-PIXE, towards a bet- 
ter understanding of the accumulation process and its conse- 
quences for other ions. 
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Il. EXPERIMENTAL 
A. Cell culture and sample preparation 


Euglena gracilis 848 was obtained from the Institute of 
Hydrobiology (Wuhan), Chinese Academy of Sciences. De- 
tails for the cell culture were described in Ref. [9]. The 
cells were centrifuged by three cycles of re-suspension in 
de-ionized water to remove culture medium. The euglena 
848 cell suspension (3 mL) were syncretized with 1mL or 
0.1 mL of 1 mg/mL NdCl, solutions. The cells, now loaded 
with metal ions, were further washed by three cycles of re- 
suspension. Then, the cells were fixed by 0.2596 glutaralde- 
hyde (CHO(CH,),CHO). The cell suspension in de-ionized 
water was dropped onto Mylar film with low cell density for 
single cell external micro-PIXE measurements. 


B. External micro-PIXE 


The external micro-PIXE experiments were carried out us- 
ing the 3MV single-ended accelerator generating 3.0 MeV 
proton beams on TIARA (Takasaki Ion Accelerators for Ad- 
vanced Radiation Application) [8, 10]. A 2-um-thick Mylar 
foil was used for the exit window to withstand the pressure 
differential. The cells were attached on the Mylar foil di- 
rectly, so there is no air from target to the detector. The final 
resolution of the proton beam was 1.2um. A Si(Li) X-ray 
detector (30 mm? active area, energy resolution of 135 eV) 
was placed in a vacuum chamber, so as to avoid interference 
from argon K X-rays, and located at 140? with respect to the 
beam incidence. The detector window is 8 um beryllium. An 
annular type absorber (100-um Mylar, with a £3 mm hole) 
was used, for detecting Mg and P. DAQ software was capa- 
ble of simultaneous processing signals from the detector. The 
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Fig. 1. (Color online) Distributions of P, Nd and Mg in a single gracilis cell treated with different doses of 1 mg/mL NdCl, solutions. (a) 
O0 mL, (b) 1 mL, (c) 0.1 mL. The Nd and Mg distribution patterns are alike each other, showing Nd enrichment in chloroplasts. The scan size 


is 50um x 50 um. 


beam current was 100—200 pA. The cells were scanned with 
integrating charge of 130—200 nC to obtain matrix and trace 
element distribution. 


IIl. RESULTS AND DISCUSSION 


PIXE spectra of the cells were extracted from the raw 
scanning data according to their shapes. The intensity of 
neodymium L-X-rays was used to produce elemental map- 
ping of the cells [1]. Fig. 1 shows elements distributions in 
gracilis cells treated with different doses of NdCl, solutions, 
with (a) being the control, and (b) and (c) being a cell treated 
with 1 mL and 0.1 mL of 1 mg/mL NdCl, solutions, respec- 


tively. The cells in each group were randomly selected. 


The distribution of phosphorus fit almost with the cell 
shape observed under a microscope, as phosphorus is the do- 
main element of cell membrane. For Nd distribution, com- 
pared with group (a) and (b), there is no obvious local en- 
richment of Nd in the group of 1 mL NdCl, (1 mg/mL), while 
in the group of 0.1 mL NdCl, (1 mg/mL), the Nd distributed 
over the cell compartments. Evidently, N d** had been trans- 
ported inside the cells. It is in accordance with our previous 
work done in Centre for Ion Beam Applications of National 
University of Singapore [11, 12]. Additionally, the results of 
cryosections of I4TCF-Nd** stained cells and EDAX of fast 
freezing ultrathin cyosections, and as the experiments of elec- 
tron microscopy on the alga [13], showed the same conclu- 
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Fig. 2. (Color online) Element mapping of a single gracilis cell in a 50 um x 50 um scan area. (a) the control; (b) treated with 1 mL of 
1 mg/mL NdCl; solutions. Red rectangles show that Ca is complementary to Nd partly in the cell loaded with Nd, while this phenomenon 


could not be seen markedly in the control sample. 


sion. Lansman [14] suggested that lanthanide ions were able 
to traverse the channel and enter the cell interior. Each alga 
cell is equipped with a single transport apparatus [15, 16], 
which enables the Nd?* uptake. This shares some character- 
istic with calcium ion channels [13]. Comparing Figs. 1(b) 
and l(c) with the cells having been treated with different 
doses of 1 mg/mL Nd** solution, the cellular uptake of Nd** 
is independent of Nd** concentration in the bulk solution, 
which had been proved by ICP-AES [9, 13]. 

It is known that chloroplasts are the major compartments 
as the residences of Nd [13]. In nature, magnesium is the 
coordination center of chlorophyll. Lanthanide-substituted 
chlorophyll has been investigated [17, 18]. EXAFS (extended 
X-ray absorption fine structures) results suggest that exoge- 
nous lanthanide might substitute for the magnesium in chloro- 
phyll after it is transported to the interior of algal cells [19]. 
Energy-dispersive X-ray microanalysis (EDXA) was used to 
investigate chloroplasts. A characteristic peak of lanthanide 
in chloroplasts appeared clearly [13]. Also, in Figs. 1(b) 
and 1(c), the Nd and Mg distribution are of similar patterns. 
This provides again good evidence that loaded neodymium 
may couple with chlorophyll. In addition, comparing with the 
control, the Mg content in the treated cells deceased approxi- 
mately by 70%, in both Figs. 1(b) and 1(c), showing that Nd 
substitutes for Mg in chlorophyll after it is transported into 


the cell. 

Figure 2 shows Ca and Nd distributions in a single cell 
from the control and the Nd**-treated cells. Although the 
Ca and Nd distributions differ from each other, it can be 
found (see the red rectangle) that calcium is complementary 
to neodymium partly in the cell loaded with Nd, while this 
phenomenon cannot be seen markedly in the control sample. 
Probably, this indicates that the Ca content decreased after 
uptake of the Nd cations. The distribution radius of the rare 
earth ions is very close to that of Ca”; they can bind with 
some bio-macromolecules to form coordination compounds 
and replace Ca?* on protein in binding sites [4, 20]. 


IV. CONCLUSION 


Nd?* accumulation in euglena 848 cells is revealed by ex- 
ternal micro-PIXE analysis, and the relationships of the Nd 
distribution pattern with that of Ca and Mg are investigated. 
The neodymium ions traverse the channel and enter into the 
cell. Probably, they replace calcium ions on protein in binding 
sites, and the magnesium ions in chlorophyll, being enriched 
in chloroplasts. A deeper understanding of the Nd transport 
mechanism requires further investigation. 
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